SUMMARY Histomorphometric analysis was performed on transiliac undecalcified bone biopsies taken from eight adults and four children with osteogenesis imperfecta. Double tetracycline labelling done before the biopsy allowed measurement of the calcification rate in 11 patients. The adults, as well as the children, had thin iliac cortices and considerably decreased trabecular bone volume. In addition, the calcification rate was significantly reduced. Since the thickness index of osteoid seams was low or normal in all subjects, it indicated a reduced bone formation at the cellular level. In the adults, there was no significant increase in the parameters of bone resorption or in the bone formation rates at the basic multicellular unit and the tissue levels.
Osteogenesis imperfecta is a heterogeneous group of connective tissue disorders characterised by bone fragility and frequently associated with other features such as blue sclerae, opalescent teeth, and early hearing impairment. ' Although there have been many studies on bone histology in osteogenesis imperfecta, the histopathogenesis of the osteopenia seen in this group of disorders is not well understood.
Many of these reports, especially the earlier ones, described histology of bone specimens obtained from various sites, mainly long bones. Moreover, the bone samples had often been taken during orthopaedic surgical procedures.23 Consequently, they might not have been truly representative of the basic bone remodelling of osteogenesis imperfecta because of the abnormal stress due to bone curvature. 35 In addition, patients were often immobilised and therefore had an additional cause of disturbed bone remodelling.6 More recent studies have been carried out on bone samples obtained from standardised biopsy sites-namely, the rib5 -9 and the iliac crest.4 [10] [11] [12] The rib, being essentially made up of cortical bone, is not adequate for the study of trabecular bone, whereas iliac crest allows detailed * Dr Ste-Marie is a research fellow of the Canadian Medical Research Council.
Accepted for publication 13 June 1984 evaluation of trabecular bone remodelling.'3 As these two bone envelopes might present differences in their remodelling, '4 results from iliac crest biopsies could give additional information to those collected from rib biopsies. Besides the problem of adequacy of bone biopsy site, decalcification of the bone samples often used in older studies rendered impossible any valid evaluation of osteoid and thus of bone formation.
There are few published histomorphometric analyses of undecalcified bone in osteogenesis imperfecta using double tetracycline labelling for the measurement of bone formation rates. To date four rib studies, of which three are from the same group7-9 and one from Albright et al,5 have been reported in patients with osteogenesis imperfecta. The sole study of iliac crest" was performed in children only.
The various methodological differences might explain the conflicting results reported on bone remodelling; some authors concluded that there was increased bone resorption with or without decreased bone formation,579 whereas others found decreased bone formation with or without decreased bone resorption. '1-12 Since there is no available information on undecalcified iliac crest biopsies taken after double tetracycline labelling in adults with osteogenesis imperfecta, we report here dynamic data from eight The trabecular bone volume is expressed as the percentage of trabecular bone tissue in the total spongy bone space. It was measured on five sections.
Since the normal values change with sex and age '8 results were compared with values obtained in sex and decade matched controls (total of 110 men and 62 women) all having suffered sudden death. '9 The number ofosteoclasts per square millimetre of trabecular bone section was counted. Normal values for adults were obtained from Rasmussen and Bordier. 22 The mean wall thickness of trabecular bone packets could not be measured because of the insufficient number of completed packets related to the considerably reduced trabecular bone volume.
Based on the double tetracycline labelling, the following dynamic parameters were measured on the unstained sections:
The calcification rate was determined by dividing the average distance between the mid-points of the tetracycline labels (in micrometres) by the time interval between the two labelling periods ( 15 days). Calcification rate was therefore expressed in micrometres per day. The value was uncorrected for oblique cutting. All double labelled fluorescent sites seen in trabecular bone were measured. In patient C2 only one double labelled site was seen because of the considerable reduction in the trabecular bone volume. In patient A2 dynamic parameters were not measurable because of an error in the schedule of tetracycline administration. In control adults this parameter does not change with age or sex.24 Control values for children were obtained from P Marie and F Glorieux (personal communication).
The trabecular single labelled surfaces are expressed as the percentage of total trabecular surfaces covered by a single tetracycline label only.
The trabecular double labelled surfaces are expressed as the percentage of total trabecular surfaces covered by a double tetracycline label only.
The total labelled surfaces are defined as the sum of trabecular single and double labelled surfaces. Control values for these three parameters in adults were obtained from Vedi et al. 25 In patient A5 the extent of the single labelled surfaces, and thus of total labelled surfaces, was not measurable because the second tetracycline label was too faint.
The bone formation rate at the tissue level, surface referent, is defined as the total labelled surfaces multiplied by calcification rate26 and gives the amount of mineralised bone being made per un't of bone surface area of trabecular bone per day.
The bone formation rate at the basic multicellular unit level is defined as the ratio of total labelled sur- The children also had low values of calcification rate when compared with values of age matched controls (P Marie and F Glorieux). Thus the children with osteogenesis imperfecta, like the adult patients, had decreased calcification rates associated with thickness indexes of osteoid seams, which tended to be decreased. 
Discussion
These data show that, in agreement with previous studies of rib biopsies5 9 as well as of iliac crest,'0 " patients with osteogenesis imperfecta have a decreased amount of trabecular bone and thin cortices. In addition to the well known thinning of bone cortices which probably explains the high incidence of long bone fractures in patients with osteogenesis imperfecta, it is notable that the iliac trabecular bone volume was lower than the vertebral fracture threshold'8 in 10 of 12 patients. This could account for the presence of vertebral crushes in six adults and three children. Besides this reduced amount of bone, however, qualitative abnormalities of collagenous and non-collagenous components of bone28-3' might play a part in the incidence of fractures.
The other common histomorphometric findings in our patients with osteogenesis imperfecta were a decrease (of 34% of control value) in the thickness index of osteoid seams associated with a decrease in the calcification rate (of 36% of control value).
None of the adults and only two children had thickness indexes of osteoid seams and calcification rates in the normal range. This is typical of situations in which the bone matrix apposition by the osteoblasts is reduced, such as in corticosteroid induced osteoporosis32 or hypogonadism.33 This decreased osteoblastic activity might be a characteristic histomorphometric finding in osteogenesis imperfecta patients, both children and adults. Similar findings have been reported by Baron etal" in iliac crest biopsies of nine children suffering from osteogenesis imperfecta tarda. Thin osteoid seams have also been found by Riley et al'°and Stoss'2 in iliac crest biopsies of patients. A decreased calcification rate has been found by Villaneuva and Frost9 in rib biopsies of nine patients with osteogenesis imperfecta. Two studies, however, have reported normal or increased calcification rates. In one of them,3 the bone specimens were taken from sclerotic zones of long bones during surgical treatment for limb deformities. But as noted above, such areas are not suitable for analysing basic bone changes of osteogenesis imperfecta. In the other report, performed on rib biopsies of eight children and one adult, Albright et a15 found normal to slightly increased calcification rates. Suggestions for an impaired osteoblastic activity in osteogenesis imperfecta also come from studies using other methods. Doty and Matthews34 found in an electron microscopy and enzyme histochemistry study that only osteoblasts presented abnormal features, whereas the osteocytes and the osteoclasts were normal. Osteoblasts were reported to have large glycogen deposits in their cytoplasm, together 1086 Ste-Marie, Charhon, Edouard, Chapuy, Meunier with dense inclusions within the Golgi apparatus and low activities of alkaline phosphatase and adenosine monophosphatase in their membranes. In an electron microscopical study, Stoss'2 reported osteoblasts with dilated endoplasmic reticulum and enlarged Golgi apparatus. Yet, they were associated with thin osteoid and reduced mineralisation, which is consistent with an altered osteoblastic function. Thus osteopenia in osteogenesis imperfecta could be related, at least in part, to a decreased osteoblastic activity at the cellular level.
In addition to the evaluation of the activity at the cellular level one has to examine phenomena at higher levels of organisation-that is, at the bone remodelling unit level and at the tissue level-in an attempt to find the precise mechanisms of osteopenia. As first described by Frost Based on histomorphometric analyses performed on bone samples obtained from standard biopsy sites, bone turnover has often been reported to be increased in children with osteogenesis imperfecta. In rib biopsies, Albright et a15 found increased resorption and osteoid surfaces in children with osteogenesis imperfecta when compared with age matched controls. In decalcified iliac crest biopsies, Falvo and Bullough4 reported a slight increase in resorption surfaces, but Riley et al'0 found in undecalcified iliac crest biopsies that resorption surfaces as well as osteoid surfaces were below normal. Based on tetracycline labelling, Villanueva and Frost9 showed that in rib biopsies of four children with osteogenesis imperfecta, the bone formation rate was low or normal in three cases and increased in only one. More recently, Baron et all I reported in undecalcified iliac crest biopsies of nine children with osteogenesis imperfecta increased bone formation and resorption surfaces. From the increase in osteoblastic surfaces, which was greater than the observed decrease in calcification rate, they inferred an increase in "bone formation rate." They therefore suggested that the decreased amount of bone matrix formed by individual osteoblasts would be compensated for by an increase in the number of osteoblasts. This does not necessarily imply, however, that the bone tissue balance is not negative, since the amount of bone resorbed cannot be quantified. If there is a negative balance at the basic multicellular unit level, as in the physiological state47 any increment in the birthrate of new basic multicellular units would magnify the bone loss by increasing the number of elemental deficits. Because of the small number of children in reported studies, including ours, conclusions on bone turnover in children with osteogenesis imperfecta remain unclear.
In adult patients, as in children, published results of biochemical indexes of bone turnover are conflicting. Urinary hydroxyproline was either increased36 48 or normal.424349 Serum alkaline phosphatase values were reported to be increased in some patients"5 but normal in most studies.7 4346 8 Thus available biochemical data do not point clearly to an increased bone turnover in adults with osteogenesis imperfecta. In the published work, bone histomorphometry has been performed in only a few adult patients with osteogenesis imperfecta. In three studies4 5 "' analysing small numbers of adults (one 1088 to three cases in each study), bone resorption as well as osteoid surfaces were normal or slightly increased. The only published data on bone formation rates in adult patients with osteogenesis imperfecta were obtained in rib biopsies by Frost' s group.7-9 They have shown in five adult patients that despite a small decrease in calcification rate, the bone formation rate was increased to 2*7 to 7*8 times the normal value.9 In the present study, resorption surfaces were not significantly increased. Moreover, we were unable to find in iliac trabecular bone an increase in bone formation rate. When compared with published control values for adults both the tissue and the basic multicellular unit bone formation rates were normal in each patient. Increased bone turnover, however, as assessed by an increase in the number of osteoclasts or in the extent in the osteoblastic surfaces was found in half of the patients. Whether the discrepancies between reported findings and ours are due to differences between cortical and trabecular bone remodelling or to the heterogeneity of the disease, or both, cannot be determined.
In conclusion, the histomorphometric profile of iliac bone in osteogenesis imperfecta is characterised, in both adults and children, by a low trabecular bone volume, thin cortices, and a depression in osteoblastic activity at the cellular level, as indicated by thin osteoid seams and decreased calcification rate. In adults, there is no evidence of a significant increase in resorption parameters, nor in the bone formation rates at the basic multicellular unit and the tissue levels. According to these findings, a reappraisal of the rationale for the use of antiosteoclastic agents in patients with osteogenesis imperfecta is required, at least for adult patients. In contrast, agents stimulating bone formation such as fluoride, which is able to increase trabecular bone mass in osteoporotics50 could be of greater benefit. There is no proof, however, that osteoblasts of patients with osteogenesis imperfecta could respond to fluoride.
